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Abstract 
A numerical algorithm has been developed in order to get reflectors geometry so that the desired flux distribution is 
approximately obtained. This new method opens up the opportunity to design ad-hoc line-focus solar reflectors for a specific 
purpose from the required concentrated flux distribution. A new design for PTC reflectors is proposed, getting a quasi-planar 
distribution around the absorber. This algorithm can also be applied not only to round absorbers in PTC applications but others 
like flat absorbers useful for concentrated solar photovoltaic/thermal systems. The proposed new reflector geometries will be 
compared to the classical Eurotrough-type parabolic-trough geometry by means of the intercept factor and the tolerance to 
absorber displacements respect to the design location. 
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1. Introduction  
Parabolic-trough collector systems are based on parabolic mirrors that concentrate the solar radiation according 
to a known angular distribution. For the standard design of parabolic troughs available in the market (LS-3 or 
EuroTrough [1,2,3] geometries), this angular distribution produces two radiation flux peaks and a considerable 
thermal gradient around the absorber tube for some heat transfer fluid types and fluid flow rate conditions. The 
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redesign of the reflector geometry leads to get better flux distribution, reducing thermal gradients and others 
subsequent drawbacks like radiation losses or thermal bending (especially in DSG applications [4]). This last 
undesirable effect may produce receiver displacements respect to the design location (focal line), causing optical 
performance reduction and glass envelope breaking risk. 
 
Nomenclature 
CPVT Concentrating Photovoltaic/Thermal 
DSG Direct Steam Generation 
IMCRT Inverse Monte Carlos Ray Tracing  
MCRT Monte Carlo Ray Tracing  
PTC Parabolic Trough Collector 
 
N number of segments in the reflector discretization 
Rabs absorber tube radius 
n refractive index 
Ȍ intersection angle of the ray at the edge 
ș azimuthal coordinate around the absorber 
șmax constant concentrated radiation flux profile width (one half)  
ȁ  relative arc length of the reflector respect to the LS-3 design 
Ȗ intercept factor 
į vector direction 
A99 non-dimensionalised displacement area where the intercept factor is higher than 0.99 
 
Most of CPVT systems have been conceived based on dish concentrators [5]. The idea of implementing CPVT 
systems based on linear concentrators requires from achieving constant concentrated flux distribution onto the 
absorber (e.g. flat absorber [6]) containing the photovoltaic cells [7, 8]. This concept has been addressed by means 
of linear mirror concentrators [9, 10]. This new method provides the chance to modify the PTC reflector geometry 
so that a quasi-planar radiation flux is obtained to be applied to CPVT purposes. 
2. Method description  
The purpose of the proposed method is to provide numerically the reflector geometry so that its concentrated flux 
distribution onto the absorber is close to the objective flux distribution required. It is an approximate “Inverse Monte 
Carlo Ray Tracing Method” (IMCRT) aiming to set the reverse process respect to the classical MCRT methods, 
where the concentrated flux distribution from any reflector shape is obtained. Despite the fact that we have focused 
this method on round absorbers (PTC applications) looking for a constant flux distribution around the metallic 
absorber tube within a predefined angular range, this algorithm can be also applied to get any flux distribution (e.g. 
triangular flux distributions) or to not round absorbers. Due to the fact that the Sun is not a point source, a realistic 
sunshape distribution is required. This sunshape distribution provides the probability that every ray (direct solar 
radiation) is deviated a specific angle respect to the central ray from the Sun (theoretical rays orientation in case of 
considering Sun as a point source). In this work we have used the experimental sunshape provided by Neumann 
[11]. Owing to this sunshape profile, we cannot reach the same exact flux distribution that the initially required 
(specially sharp distributions with steps described by not differentiable functions) but we can get the reflector 
geometry that approximates reasonably to the objective. This method is formed by two main stages: 
 
x Stage #1: The Sun is considered as a point source. This enables to get a close solution to the required flux 
distribution. This first solution is the initial guess for the next stage. 
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x Stage #2: The second step consists of non-linear optimization tasks aiming to correct as much as possible the 
effects of the sunshape profiles. It is a refinement process in which we modify slightly the reflector geometry to 
get a closer solution to the objective concentrated-flux distribution. 
2.1. Stage #1: Initial guess calculation 
This first algorithm step aims to provide an approximate first solution to the problem. A numerical approach is 
taken to tackle this task, so a discretization of the reflector geometry is assumed, describing the reflector geometry 
as a group of differential connected segments.  
The first required information is the objective flux profile; in which we set the needed concentrated flux 
distribution around the absorber tube. One relevant case is the constant radiation flux profile due to its practical 
interest. The example shown in Fig. 1(a) concentrates all the incoming solar radiation for the Eurotrough design 
(aperture length of W=5.76 m) into a constant distribution within the angular range ( 0.8 0.8S T S d d  ) around the 
absorber, assuming the absorber radius as Rabs=0.035 m. Apart from the objective profile we aim to get, it is 
necessary to set the intersection angle < (see Fig. 1(b) ). This input parameter indicates the angle formed by the 
tangent direction to the absorber surface at the edge point (blue point at Fig. 1(a) where the concentrated radiation 
flux profile starts) and the ray intersecting at this point of the absorber. This angle is a relevant input parameter 
because it has a clear influence on the intercept factor Ȗ. The closer <  is to / 2S  the more tolerant this reflector 
design will be to the absorber displacements or it is more probable that the sunshape profile tail rays reach it. 
It is required to know where the algorithm is starting. We need to calculate the point where the first segment edge 
of the reflector is located. To get it, a reverse ray is launched from the edge of the concentrated profile (blue point in 
Fig. 1(b) ). After taking into account the effects of refraction through the glass envelope we get the intersection of 
this ray with the coordinate (x=W). It is convenient to note that all reflector geometries have to fulfill this condition 
because the global amount of energy concentrated is the same (once a specific objective profile is provided). In 
other words, the aperture length for all possible solutions is the same and is related to the whole integral of the 
objective profile, so the objective flux profile will indicate the value of W, pointing where the reflector initial point 
is located (x0, y0).          
     (a)                  (b) 
Fig. 1. (a) Objective profile for șmax ʌ;  (b) Method starting. 
The reflector geometry obtained is a set of N+1 point, so the objective profile should be divided into N parts, 
setting a relation between every reflector segment and every division in the concentrated flux profile. The method 
consists of considering a system of non-linear equations for every reflector segment. This system provides the 
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coordinates of the next point (xn+1, yn+1) from the previous one (xn, yn). It states basically that the energy contained in 
the nth portion of the concentrated flux profile is the same that the whole amount of energy reflected by the nth 
segment of the reflector. Apart from this energy condition, an additional geometrical condition must be fulfilled. As 
it can be seen in Fig. 2, the incident ray onto the central point of the reflector segment, have to reach the absorber at 
the central point of the nth division in the flux profile, after considering the envelope refraction. The key question 
here is about the angle of the incident ray onto the nth reflector segment ࢥn. This fact is closely related to the solar 
sunshape profile. Nevertheless in this first step all rays are considered to be perpendicular to the aperture plane, so 
ࢥn=0, disregarding the sunshape profile effects.  
 
 
This method begins from the initial point (x0, y0) obtained from the two input parameters: șmax and< . Solving 
the first system of 16 equations we obtain the point (x1, y1). Actually, it is an input for the next segment. The method 
keeps going on until all the N systems have been solved sequentially, providing one half of the symmetric reflector. 
The error accumulated after all the concatenated resolutions can be quantified checking how far is the value xN from 
x=Rabs (not x=0, due to the absorber shadow). This error is generally a small fraction of the last segment length, 
validating the method and the numerical algorithm used to solve the system of equations.   
 




2.2. Stage #2: Refinement process 
As it might have been seen in the previous section, this method is not strictly speaking an IMCRT. Actually, it 
cannot be guaranteed that there exists a solution for any desired objective profile. The contribution of every reflector 
point to the concentrated radiation flux profile around the absorber tube is a particular distribution whose shape 
depends on the position of this reflector point respect to the absorber. So, the resulting profile is the addition of 
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many different distributions (slightly similar to the Gaussian profile). Then it cannot be guaranteed that the addition 
of different distributions provides any required global distribution.  
 
This fact is observed in Fig. 3, where the resulting profile after following the first step (black line) is not exactly 
the objective profile. This is a consequence of the sunshape profile, due to the fact that we assumed initially that all 
rays reaching the reflector were normal to its aperture plane. There is no way of carrying out the strategy followed in 
the method first step considering different incoming ray directions in the same reflector segment, so we have taken 
the normal direction. This simplification is the responsible for this slight disagreement. The purpose of the second 
step is to correct as far as possible this discrepancy in order to move the solution closer to the objective profile.  
 
The aim is to get a “smooth” function that provides the incoming ray angle deviation ࢥn for every reflector 
segment. In other words, we want to set a particular value for ࢥn in every reflector segment to correct the first stage 
solution. Once we have obtained this deviation function, we have to proceed again like in the first step, but including 
the new value of ࢥn in the system of equations (instead of ࢥn=0), obtaining the corrected reflector geometry. This 
dual-step process can be repeated to keep improving the reflector geometry iteratively. 
 
 This deviation function proposed is not a unique optimum correction. Instead, this correction is obtained after a 
non-linear optimization problem where the objective functions can respond to several requirements. For example, 
we would prefer to obtain a sharper slope in the constant concentrated flux distribution without being really worried 
about slight fluctuations in the flat region. Otherwise, we might need a perfect planar flux distribution in the central 
part of the profile allowing a smooth decay at both edges. Anyway, we can adopt an alternative option finding a 
compromise solution considering both conditions. This is the strategy followed to obtain the final solution proposed 
in Fig. 3 (green line). Edges have been got narrower, enclosing more concentrating radiation inside the objective 
profile (red color).  
 
 
3. Results and comparison with the Eurotrough (LS-3) collector design  
3.1. Concentrated radiation flux profiles 
 
Results displayed here, correspond to a particular constant radiation flux profile FDVHLQZKLFKșmax ʌDQGWKH
LQWHUVHFWLRQDQJOHRIWKHODVWUD\LVȌ ʌIn Fig. 3 a comparison between the flux profiles considered in different 
stages of the method are depicted. The objective profile (red line) according to the input parameter (șmax) is 
approximated by means of the method first stage solution (black line). This preliminary solution shows a wide flat 
region in the center of the flux profile, but with the inconvenience of having considerable “smooth” edges, where a 
certain fraction of the concentrated radiation is out if the angular range –șmaxșșmax . In order to reduce it, without 
penalizing considerably the constant distribution in the central part of the profile, a deviation function ࢥn solution 
has been found by means of an optimization strategy. As shown in Fig. 4, a continuous solution for ࢥn provides its 
corresponding value when solving the system of equations for every reflector segment in the second step. The 
reflector geometry obtained after this second stage provides the corrected concentrated flux profile depicted in Fig. 3 
(green line). It shows “sharper” slopes, reducing the amount of concentrated radiation out of the objective profile 
and maintaining the constant tendency in the central region, with the exception of some slight fluctuations. 
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Fig. 3. Resulting concentrated radiation flux profiles in comparison with the objective profile. 
 
 
Fig. 4. Angular deviation ࢥn adopted in the reflector geometry correction. 
 
3.2. Inputs parameters  
 In the context of this new method, aiming to get quasi-constant flux profiles onto round absorbers, there are only 
two free parameters (considering the EuroTrough collector aperture width and the absorber tube dimensions). These 
two values șmax Ȍ have a clear influence on the characteristics of the resulting reflector geometry. The 
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“geometrical” quality of every reflector can be described through the intercept factor Ȗ that indicates the fraction of 
the reflected rays reaching the metallic absorber tube from a geometrical perspective. In this sense, it is also relevant 
to analyze how these input parameters affect to the reflector arc OHQJWK REWDLQHG$ QHZSDUDPHWHUȁ LV GHILQHG
aiming to compare the reflector arc length respect to the Eurotrough design. The shorter the reflector is (maintaining 
obviously the same aperture width) the cheaper it is going to be. It is convenient to remark that results in this 





(a)            (b) 
Fig. 5. (a) Relative length plane; (b) Interceptor factor dependence with the input parameters. 
 
 
As seen on Fig. 5, the reduction of the reflector arc length evolves in the same direction respect to the intercept 
factor decrease. In other words, this means that getting a good concentrator (in the sense of good geometrical 
performance) requires spending more resources on longer reflector. Nevertheless, there exists a compromise region 
in which the intercept factor is above Ȗ!DQG WKHSDUDPHWHU șmax is high enough to guarantee an acceptable 
homogeneous distribution around the absorber, achieving a VKRUWHUUHIOHFWRUUHVSHFWWRWKHUHIHUHQFHȁ Anyway, 
these parameters value election depends on the requirements that the reflector must fulfill. If a shorter reflector is 
required without being concerned about the flux distribution around the absorber, we can locate the design point in 
WKHORZHUOHIWUHJLRQRIWKHȌ- șmax plane. 
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(a)           (b) 
Fig. 6. (a) Geometrical performance plane for the standard Eurotrough concentrator; (b) Corresponding plane for the quasi-planar flux geometry 
after the stage #1 of the method șmax ʌDQGȌ ʌ. 
3.3. Geometrical performance plane 
In PTC real applications absorber tube bending may occur. So it is convenient to study the tolerance of specific 
reflector geometry to a two-dimensional displacement of the absorber tube center respect to the focal line. It 
basically consists of calculatinJ WKH LQWHUFHSW IDFWRU YDOXH Ȗ LQ UHODWLRQ WR D GLVSODFHPHQW RI WKH DEVRUEHU tube 
location. The absorber displacement is described by the x y' '  coordinates.  
 
 
As depicted in Fig. 6, this new geometry (b) is more vulnerable to undesirable displacements of the absorber tube 
below the design location, being an important weak spot respect to the Eurotrough collector design (a). However, it 
is not more vulnerable to upwards or lateral displacements of the absorber. The red area corresponds to the 
displacement region of the absorber where the intercept factor remains higher than 99%. In this sense, a new 
parameter can be defined (A99), related to the area fulfilling higher efficiency over a certain threshold (99%) that 
will indicate a general tolerance for absorber tube displacements. This area is non-dimensionalised by the absorber 
cross sectional area.  ,WLVREYLRXVWKDWWKHKLJKHUWKHSDUDPHWHUșmax is, the more vulnerable the reflector design is to 
downwards displacements because it reflects rays onto the upper arc of the absorber. Finally the same analysis has 
been performed for the refined reflector geometry after the method second step, according to the deviation function 
displayed in Fig. 4. The fact of redirecting the rays in the profile tail onto the angular range indicated by the 
objective profile, leads to an increase of the A99 parameter respect to the case before the refinement process. After 
this correction, downwards displacements are better tolerated.  In other words, the tail rays, initially reflected onto 
WKHDEVRUEHUDUFZKHUHș! șmax have been redirected to WKHUHJLRQLQGLFDWHGE\WKHREMHFWSURILOHșșmax ). 
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Fig. 7. Geometrical performance plane for a quasi-SODQDUIOX[JHRPHWU\șmax ʌDQGȌ ʌDIWHUWKHUefinement process (second step). 
4. Conclusions  
A new proposed method provides the required line-focus solar reflector geometry in order to obtain a 
concentrated flux distribution on the solar collector receiver close to the initially profile desired (IMCRT). The 
method consists of two stages, the first allows an initial coarse solution and in the second stage a process of 
refinement of the solution is performed. The methodology proposed has been applied to modify the typical 
parabolic-trough geometry with absorber tubes, taking the Eurotrough collector design as a reference. Different 
VROXWLRQVREWDLQHGIURPWKLVPHWKRGKDYHEHHQFRPSDUHGSD\LQJVSHFLDODWWHQWLRQWRWKHLQWHUFHSWIDFWRUȖDQGWKH
relative length respect to the EurotrRXJKJHRPHWU\UHIHUHQFHȁLQUHODWLRQZLWKWKHWZRLQSXWVSDUDPHWHUVGHILQHG
șmaxȌ$GGLWLRQDOO\LWKDVEHHQSURYHGWKHIHDVLELOLW\RIUHILQLQJWKHVROXWLRQFDOFXODWHGLQWKHILUVWVWDJHVRDVWR
compensate the sunshape profile effects. 
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